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Abstract 
Occupational hearing loss resulting from noise exposures encountered in the workplace affects millions 
of workers and costs hundreds of millions of dollars annually in Workers’ Compensation costs in the 
United States alone.  Some industries have been well studied, and the presence of hazardous noise in 
the work environment established and documented.  The restaurant industry is one in which little 
current data exists, but in which there may be cause for concern.   
This work sought to quantify noise exposures for cooks, servers, and dishwashers and to determine 
whether or not any of these workers are at risk for Noise Induced Hearing Loss.  Further, the researchers 
wanted to know what environmental factors present in the restaurants had the greatest impact on noise 
exposures for each exposure group.   
Statistical analysis was conducted on selected factors, and while nearly all were found to have significant 
effects on noise exposure for servers, only the number of minutes worked explained variance in 
exposures for cooks and dishwashers when all factors were included in analysis.  These two groups are 
the ones most likely to be overexposed and they typically worked more than 480 minutes on the day the 
sample was collected.  Efforts to control exposure must take these extended shifts into careful account. 
The study was limited by relatively small sample size, with 124 cooks, 119 servers, and 91 dishwashers 
employed at nine different restaurants participating.  Future efforts to explain and characterize the 
sources of variation in noise exposure for these three groups should include greater numbers of 
participants and structure the data in a way that allows the effects of selected factors to be more clearly 
seen.
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Introduction 
 
“Occupational hearing loss is one of the most common work-related illnesses in the United States. 
Approximately 22 million U.S. workers are exposed to hazardous noise levels at work... An estimated 
$242 million is spent annually on worker’s compensation for hearing loss disability” (National Institutes 
of Occupational Safety and Health [NIOSH] 2013).     
Noise-induced hearing loss (NIHL) occurs when noise exposures in the workplace, sometimes coupled 
with noise exposures originating outside the workplace, are of sufficient intensity and duration to 
damage structures of the ear in such a way as to limit their function.  Occupations involving aircraft, 
foundries, and explosives have been studied extensively with regard to their detrimental effect on 
workers’ hearing over the working lifetime and beyond.   
Noise isn’t likely to be at the forefront of the layperson’s mind when it comes to hazards in the 
workplace—it lacks the drama of chemicals that can cause cancer, birth defects, or violent explosions.  
Noise may be generally perceived as a low-priority hazard, although in addition to the potential for 
hearing loss, it can also present additional related hazards, since it can interfere with speech 
intelligibility, preventing workers from hearing instructions or warnings.  It is not unreasonable to 
consider that there are likely many industries in which overexposures to noise are taking place, but in 
which little noise data is gathered.  Even ethical employers engaged in an enterprise such as the 
operation of a restaurant are unlikely to recognize the potential hazard of noise present in their place of 
business, much less undertake a study of their employees’ exposure to it.  Little research has been 
published to explore or explain noise exposures for workers in restaurants.  But taken together, chefs 
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and cooks, bartenders, hosts and hostesses, servers, and dishwashers, there are more than five million 
workers employed in the United States in the types of full service restaurants surveyed for this work 
(Bureau of Labor Statistics [BLS] 2014).   
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Background  
Pursuant to answering the question of whether three primary occupations (cooks, servers, and 
dishwashers) are overexposed to noise, a literature review was undertaken.  Careful review found only a 
handful of studies addressing this population and exposure, only one of which utilized full shift 
dosimetry of the workers (Green and Anderson 2015).  
Studies that focused on nightclubs and live music clubs were considered, and though the authors found 
that there is cause for concern for employees of these establishments, where the primary source of 
noise is the music played at high volume for the entertainment of the patrons, typical restaurants do not 
share this feature, nor do those sampled for this work (Gunderson, Moline, and Catalano 1997; Lao, Yu, 
Au, Chiu, Wong, and Wong 2013). 
Three existing studies were similar enough to this one that a comparison could be reasonably made.  
One of them was a NIOSH Health Hazard Evaluation (HHE) of a hospital kitchen.  Another investigated 
noise in restaurants in the Orlando area, and a third focused on locally owned restaurants in a college 
town.   
The NIOSH HHE found that employees in commercial kitchens who are assigned to washing pots and 
pans using commercial dish machinery are at risk for overexposure to noise, having found four of the 
thirteen full shift samples to be above the Occupational Safety and Health Administration (OSHA) Action 
Limit of 85dBA.  They also reported area readings specific to the task being done and the equipment 
being used, which encouraged the consideration of these factors in this analysis (Achutan 2007).   
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In the second study, by Rusnock and Bush, the researchers did not conduct personal dosimetry on any of 
the workers, and they used a sound level meter without data-logging capabilities.  They used the 
instrument to collect instantaneous area readings during their visits to the restaurants in which they 
conducted their investigations.  They had access only to the publicly accessible areas of the restaurants 
they surveyed, but from their data they calculated average sound levels for the restaurant dining rooms 
ranging from 58 to 97dBA.  They conducted multiple regression analysis on a variety of factors that they 
observed in the dining areas, such as floor type, wall coverings, and music being played.  Their work 
further informed the selection of factors for inclusion in this analysis (Rusnock and Bush 2012).   
The third study, published in the Journal of Occupational and Environmental Hygiene, July 2105, 
concordant with the drafting of this work, did conduct full shift personal dosimetry on restaurant 
workers.  Green and Anthony conducted their research in six locally owned restaurants in a college 
town, and included both full- and limited-service restaurants.  The investigators’ subjects included 
cooks, wait staff, cashiers, hosts, bartenders, and dishwashers.  Seventy two cooks participated in the 
study, while only five dishwashers were sampled.  While some workers in this study worked longer than 
an eight hour shift, data collection for a given individual ranged from a one to an eight hour sample and 
8-hour Time Weighted Averages (TWAs) were calculated from the resulting data.  The study found that 
the mean exposure for the data set was 80 dBA, and no workers were exposed to noise above the OSHA 
Permissible Exposure Limit of 90 dBA, though six workers had a projected TWA of 85dBA (Green and 
Anthony 2015). 
The purpose of this work was to characterize noise exposure for high volume restaurant workers by job 
classification, to determine what factors contribute to this exposure, and to what degree. 
The workers studied can be classified as cooks, as servers, or as dishwashers.  According to the BLS in 
May 2014, there were 1.1 million restaurant cooks, nearly 2.5 million servers, and just over half a million 
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dishwashers.  Typically, these workers are exposed to different sources of noise based on their job 
classification—cooks stand under the exhaust hood amid the clatter of pans, servers spend time in 
dining rooms where entertainment may be present, along with noisy guests, and dishwashers spend 
their working hours operating noisy equipment and moving and stacking dishware and metal 
implements, frequently onto metal racks. 
We suspect that some restaurant workers are at risk for NIHL, and further, that of the three groups 
surveyed, the dishwashers have the exposure of greatest concern, followed by cooks and servers.  We 
would like to determine the influence of selected factors of the restaurant environment and job 
classifications with dBA exposure.  
The following are the study hypotheses. 
H1:  High volume restaurant workers are exposed to noise levels at work that are above 85dBA. 
H2:  Dishwashers have the highest exposures to noise in this work environment. 
H3:  Differences in exposure will vary according to differing equipment and environmental 
characteristics particular to each exposure group. 
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Methods 
The analysis that follows was conducted using data gathered in nine different restaurants over a period 
of two years.  The restaurants are all operated by the same entity and have consistently high guest 
volume.  Three of the nine restaurants are buffets and six are full-service restaurants.  Of the six full 
service restaurants, two are considered upscale table service, with a more formal and sophisticated 
ambience. 
The samples included in the analysis came from either cooks (n=124), servers (n=119), or dishwashers 
(n=91).  N refers to the number of samples, rather than number of individuals.  During the course of data 
collection, some individual workers may have been sampled more than once.   
Regardless of title, cooks and chefs are considered together as one group provided that on the day the 
sample was collected, the worker was engaged in tasks surrounding food preparation.  Three samples of 
an original 127 in this category were excluded from analysis because they did not meet these criteria. 
Servers are workers who take orders and deliver food to guest tables.  They accept payment and make 
change, as well as assist with cleaning up the dining and kitchen areas after service. 
Dishwashers are those employees whose responsibilities include not only the cleaning of the dishes that 
the guests eat from, but all those in which menu items are prepped, cooked, and stored.  They clean 
floors, scour pots, empty garbage, and stack and shelve pans and plates.  Two samples from an original 
93 were excluded from further analysis because they were not representative, one was only 31 minutes 
long and another was far less than a full shift and captured during a period with little activity, including 
very limited operation of the dish washing machine. 
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No demographic information was collected.  The data come from personal noise dosimetry sampled 
with attention to the desirability of full shift sessions, but without having achieved that ideal in every 
observation.  
Procedure and Experimental Design 
Noise surveys conducted at each of these restaurant locations typically include three full days of 
personal dosimetry for workers.  Three were conducted by the author, while an additional six studies 
conducted with the same parameters and equipment are also included, for a total of nine complete 
restaurant surveys reflected in the data that follows.  The criteria for inclusion of historical studies was 
that they needed to have data for all three of the exposure groups of interest—cooks, servers, and 
dishwashers, and to have been completed no more than two years ago.  This allowed the author to 
verify sampling protocol and calibration records, as well as consult directly with individuals familiar with 
the surveys for clarification about existing data when needed. 
For each of these nine locations, a member of the industrial hygiene team arrived at the restaurant prior 
to the start of the workday and captured full shift samples for workers in each job classification whose 
potential for overexposure was known or suspected, based on historical data maintained by the 
employer.  Noise exposure data was collected using the 3M Edge 5 personal dosimeters.  All dosimeters 
were set for slow response and 480 minute projection time.  The reported data came from a meter set 
to an 80dB threshold (A weighted), a 5dB exchange rate, and a criterion level of 90dB.  Where samples 
were less than 480 minutes, the projected 8-hour TWA reported by the dosimeter was used in analysis.  
Where samples were greater than 480 minutes, the true TWA is used.  
The investigator performed pre-calibration on each dosimeter using a Quest Technologies QC-10/QC-20 
Acoustic Calibrator, assigned the dosimeter to an individual worker, recorded relevant personal data 
(name, job title, and employee identification number), and then observed the workday, recording 
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observations such as noisy carts rolling by, pans dropping, and exhaust hood operation, in addition to 
gathering area readings using a sound level meter to support and corroborate the personal dosimetry 
data.   
Following the completion of the sampling, post calibration was performed in the field.  3M Detection 
Management Software was used to download and analyze dosimeter measurements.  Any samples for 
which the pre- and post- calibration results were not within 0.5 dB were discarded and not included in 
analysis. 
For each personal dosimetry result included in this analysis, the TWA as described above was recorded 
along with dosimeter run time and then compiled with information about the following attributes for 
each restaurant.  These attributes were then used in statistical analysis to determine whether they had 
significant impact on noise exposure for each job classification group. 
o A ratio of the restaurant’s total guest volume for the month sampled and the guest 
capacity of the restaurant—called “turns,” as in, “complete turns of the restaurant 
dining room each month” 
o Service type; buffet, table service, or upscale table service 
o Presence or absence of live entertainment in the dining areas 
o Average cost per adult meal for dining 
o Brand of commercial dish machine 
o Type of dishware used  
When historical data was included, which was the case for locations 1-6, if samples were collected 
during two different months, guest volume for each of the two months were obtained and then 
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averaged to yield a single value for use in analysis.  This adjustment was made for locations one and 
two.  The entirety of the data entered can be found in Table 1A in Appendix A. 
Table 1 shows the factors considered as potentially influencing dBA exposure for cooks, servers, and 
dishwashers for each location. 
Table 1: Factors Included in Analysis 
Location Turns Type 
Cost per 
adult 
meal 
Entertainment 
in dining area 
Dish 
Machinery Dishware 
1 125.12 Buffet >$30 No Hobart Ceramic 
2 152.55 Table Service <$30 No Stero Ceramic 
3 177.44 Buffet >$30 Yes Hobart Melamine 
4 181.75 Table Service <$30 No Hobart Ceramic 
5 137.58 Upscale >$30 Yes Stero Ceramic 
6 84.59 Table Service >$30 Yes Hobart Ceramic 
7 109.99 Upscale <$30 No Stero Ceramic 
8 212.50 Table Service <$30 Yes Stero Ceramic 
9 184.28 Buffet >$30 Yes Hobart Melamine 
 
Data Analysis 
Since the samples were drawn from one of nine locations, the variables for turns, type, cost, 
entertainment, dishware, and dish machinery are not able to vary independently from individual to 
individual.  The data are nested in hierarchical levels of individual and location, and so they violate the 
independence assumption critical to the use of ANOVA and multiple regression analysis.  The dBA 
exposure of individuals in the same restaurant location is likely to be more similar to each other than to 
those from different locations.  The appropriate analysis, called the “mixed procedure” in SAS 9.4, allows 
the location variable to be treated as a random effect so that the covariance of other factors with dBA 
exposure can be determined.  
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Results 
Basic statistical measures for all three groups are reported below in Tables 2 and 3. 
Table 2 shows the distribution of workers by job classification for each location, as well as the mean dBA 
exposure for each type of worker at each location and the associated standard deviation. 
Table 2:  Sample Collection by Location and Mean dBA Exposures 
Location 
N 
Cooks 
Mean  
8-hour 
TWA SD 
N 
Servers 
Mean  
8-hour 
TWA SD 
N 
Dishwashers 
Mean 
 8-hour 
TWA SD 
1 13 76.3 2.9 19 77.9 2.4 15 87.5 3.3 
2 21 82.0 2.0 15 81.6 3.1 13 86.5 3.6 
3 15 81.0 2.4 10 81.4 1.6 21 87.4 3.0 
4 7 80.3 3.5 4 79.4 1.7 6 89.0 3.0 
5 11 78.0 3.6 15 78.6 2.2 3 90.2 0.5 
6 11 76.5 1.4 15 72.1 1.3 8 87.0 1.2 
7 16 82.3 3.4 14 75.5 3.1 7 88.1 1.6 
8 12 85.0 1.4 10 81.2 4.2 11 87.7 2.6 
9 18 77.5 3.4 17 80.4 2.9 7 86.9 2.4 
Summary 124 79.9 3.9 119 78.7 4.0 91 87.8 2.8 
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Table 3 below shows the number of minutes sampled for each class of worker, along with standard 
deviation and summary, for each restaurant location.   
Table 3:  Sample Collection by Location and Mean Minutes Sampled 
Location 
N 
Cooks 
Mean 
Minutes SD 
N 
Servers 
Mean 
Minutes SD 
N 
 Dishwashers 
Mean 
Minutes SD 
1 13 405.2 13.1 19 376.6 21.7 15 456 44.9 
2 21 534.6 68.6 15 513.8 127.8 13 603.1 119.1 
3 15 456.3 35.6 10 434.9 97.5 21 495.8 48.3 
4 7 446 103.2 4 464.8 85.1 6 478.3 5.9 
5 11 537.1 35.0 15 447.2 38.9 3 510.7 31.1 
6 11 502.9 33.6 15 316.3 24.5 8 501.8 11.3 
7 16 509.6 59.6 14 335.8 118.5 7 575.3 142.7 
8 12 486.4 74.2 10 522.5 181.2 11 617.5 172.8 
9 18 495.3 128.2 17 401.6 19.4 7 669.7 86.9 
Summary 124 490.4 80.6 119 423.7 109.5 91 538.6 112.7 
 
As the analysis progressed, exposure groups formed the primary units for comparison, rather than 
location groupings.   
To determine whether dBA exposure differed significantly for each of the three exposure groups, a test 
for fixed effect of job classification was conducted with alpha set to 0.05.  This test is the appropriate 
equivalent to ANOVA for data which are nested, such as these.  Each exposure group was found to have 
significantly different dBA exposure.  Dishwashers had the highest average dBA exposure, at almost 89 
dBA, followed by cooks and servers.   
The same procedure was conducted to determine whether the groups have different average exposure 
times, with alpha again set to 0.05.  Each of the three exposure groups had significantly different 
average sample run times, which served as an indicator that they work longer or shorter shifts 
depending on their job classifications.  Dishwashers had the longest average sample run time, at almost 
540 minutes, followed by cooks and servers.   
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Detailed results for both of these tests can be found in Tables 1C and 2C in Appendix C. 
In order to achieve something similar to the results of a regression analysis, a pseudo R-squared value 
was calculated by comparing an analysis run with none of the suspected co-varying factors included to 
one in which all suspected co-varying factors were included.  This statistic tells us the total amount of 
variance in dBA exposure that was explained collectively by the factors identified as potential co-
variants.  The level one pseudo R-squared value tells us how much of the variability in individual dBA 
exposure was explained by the selected factors at the individual level, and level two pseudo R-squared 
describes how much of the location to location variance in dBA exposure for each group was explained 
by the same factors (details of this calculation are included in Appendix C following Table 9, which 
summarizes the results from which these statistics are derived).   
Based on the initial results and the expectation that certain factors may be more likely to influence 
exposure for one job category than another, the analysis was run again for cooks and for dishwashers, 
excluding factors in a systematic fashion until a model was fit to the data that was able to explain more 
of the sample variance.  For cooks this was achieved when the model included minutes and cost only, 
and for dishwashers, statistical significance for minutes and machine, as well as for the “table service” 
level in the “type” variable, were achieved when the model included minutes, turns, type, machine, and 
dishes.  However, for dishwashers, the construction of this model did not result in overall reduction of 
the residual—in fact, the level one pseudo R-squared for that model was 11%, compared to the 12% 
achieved when all factors were included.  These additional detailed results are also presented in 
Appendix B.   
The intra-class correlation coefficient, or ICC, tells us the degree to which the individual dBA results are 
correlated with the location.  These statistics are summarized and presented in Table 4 below.     
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Table 4:  Intra-class Correlation Coefficients for Location and Pseudo R-squared 
 
ICC 
pseudo R2  
(Level 1) 
pseudo R2 
(Level 2) 
Cooks 0.52 0.03 0.22 
    Cooks, selected factors 0.52 0.03 0.64 
Servers 0.57 0.11 0.99 
Dishwashers 0 0.12 NA 
For cooks and for dishwashers, the only factor that achieved statistical significance when all factors were 
included was the number of minutes sampled.  For servers, all of the co-variance factors except for the 
type of restaurant (buffet, table service, or upscale table service) were statistically significant.  These 
results are summarized in Table 5 below, and complete SAS outputs for both the unconditional model 
and the conditional models, with the factors of interest included, along with individual t-test statistics, 
degrees of freedom, confidence intervals, related statistical information can be found in Appendix B.  
Table 5:  T-tests for Significance of Co-variants for Each Exposure Group 
 
Cooks Servers Dishwashers 
 
Est. SE 
p 
 Value 
Est. SE 
p 
 Value 
Est. SE 
p 
Value 
Minutes 0.007 0.004 0.0424 0.011 0.003 0.0002 0.011 0.003 0.0009 
Turns -0.006 0.043 0.8975 0.06 0.015 0.0001 0.038 0.033 0.2504 
Type * * 0.7692 * * 0.2509 * * 0.2731 
Cost 8.141 6.107 0.1852 -4.263 1.744 0.0161 -2.84 4.657 0.5436 
Entertainment -3.603 4.537 0.4288 4.077 1.399 0.0043 1.201 3.272 0.7144 
Machine 1.039 3.538 0.7695 3.516 1.266 0.0064 -2.611 2.555 0.3099 
Dishware -0.836 4.969 0.8667 3.209 1.347 0.0189 -2.502 3.464 0.4722 
* The variable “type” has three levels and is thus not as easily summarized but is presented in Appendix C.  “Type” 
was not statistically significant for any group at any level when all factors were included. 
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Discussion 
The data for each group were more or less evenly distributed about the mean.  However, the cooks’ and 
servers’ distribution of dBA exposure was more widely deviated from the mean than a true normal curve 
would be.   The dishwashers’ distribution for dBA exposure was more peaked than a normal distribution, 
with narrower deviation about the mean—this is evident in the relatively smaller standard deviation for 
this exposure group compared to the other two.  With the sample results clustered densely about the 
mean, there was little variation available to explain (see Appendix C, Table C4, for detailed results).   
Basic statistical measures presented in Table 1 show that the highest exposures among the sampled 
restaurant worker categories occur in employees classed as dishwashers.  Their average exposure in this 
data set is above the OSHA Action Limit of 85dBA.  However, the model largely failed to explain variation 
in exposure for members of dishwasher exposure group, aside from the effect of the number of minutes 
worked.  One reason for this is the absence of variation in exposure from one restaurant to another, 
closely related to the pronounced peak of the distribution previously described.  Another limitation is 
the sample size.  In one survey only three dishwashers were sampled, with an average dBA of 90.2 and 
100% of samples above 85dBA.  The total sample size for dishwashers is roughly 75% that of the other 
two groups, and it is possible that with more samples in the dishwasher group, some of the factors that 
were not found to be significant would become so.   
Also presented are the ICCs for location for each group.  This statistic describes the degree to which the 
location variable is correlated with the noise exposure for a given group.  The high values for the cooks 
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and servers tell us that the location to location variations accounts for a substantial proportion of the 
variance in dBA exposure (52% and 57% respectively).   The ICC of zero for the dishwashers means that 
there is no difference in exposure across locations for this group.   
The model successfully explains 3% of the remaining variance for cooks at the individual level, 11% for 
servers, and 12% for dishwashers.  At the location level, the model with all factors included explains 22% 
of the remaining variance for cooks, and 99% for servers.  With only minutes and cost included for 
cooks, the model explains still only 3% of the variance at the individual level, but 64% of the variance at 
the location level.  For dishwashers, although the inclusion of only minutes, turns, type, dishes, and 
machine did achieve significance of the “machine” variable, the overall reduction in the residual, or the 
difference between an individual outcome variable (dBA exposure) and the predicted value, was 
increased, making the model less useful than the one that included all variables.  A summary of the 
effects of various factors on decibel exposure for each group follows.  
For cooks, less expensive restaurants were associated with higher dBA exposures, as were buffets.  
Restaurants that did not offer entertainment in the dining area were associated with lower dBA 
exposures for this group.  The use of a Stero brand dishwashing machine was associated with slightly 
higher noise exposures for cooks than was the use of a Hobart machine.   
For servers, less expensive restaurants were associated with lower dBA exposures.  Typical table service 
was associated with the greatest increase in exposure of the three service types, possibly because the 
servers themselves do more talking and listening than they do in other types of service.  Not having 
entertainment in the dining area was associated with increased noise exposure.  This may be because 
when there is no entertainment present, guests talk more amongst themselves, and as they compete to 
be heard in a crowded dining room, the overall noise level in the restaurant is increased.  
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For dishwashers, only minutes were statistically significant, but other effects were present.  Less 
expensive restaurants were associated with less noise exposure for dishwashers.  The absence of 
entertainment in the dining area was associated with more noise.  Melamine dishes were associated 
with less noise exposure, as was the use of a Stero brand dish machine, both of which are contrary to 
their effects on the server group.  Both buffet and traditional table service had effect estimates less than 
that of upscale table service.  One reason for this may be that a more sophisticated atmosphere requires 
more dishes overall to be used and require washing.   
The use of a projected 8-hour TWA when samples were less than 480 minutes presents a potential 
source for under- or over-estimation of the exposure.  In the dishwashers group, the average sample run 
time was roughly 539 minutes.  Any samples that were less than 480 minutes projected the TWA only to 
480 minutes, which is likely an under-estimate of the true exposure.  For servers, the average sample 
run time is only 414 minutes, so a projected TWA based on a 480 minute shift over-estimates the 
exposure. 
Other potential sources of error include those related to the use of historical data.  Though every effort 
was made to classify workers correctly based on the tasks they performed rather than simply their job 
titles, it is possible that misclassification occurred because of missing information about the workers’ 
tasks for that day.  Further, the use of the sample run time as a proxy for shift length can also be 
misleading.  It is certainly possible that an investigator concluded sampling efforts prior to the true end 
of a worker’s shift, or started it after some portion of the day’s work had already elapsed.   
The data set that was input to the analysis software was also carefully proofread, numerous times, in 
fact, but it is still possible that transcription errors have occurred and confound results or obscure co-
variances that exist. 
17 
 
Continued analysis of data from this employer, or from other large employers in the restaurant industry, 
would likely achieve better fit if overall sample size was larger.  Specifically, more data for those 
employed to wash dishes is needed, since they are the group most consistently overexposed, or at risk 
for overexposure, and since finding factors which explain this exposure and allow insight into how to 
mitigate it could reduce the incidence of NIHL in this class of workers.  The human cost and benefit is 
obvious; additional data and solid conclusions about this exposure in this occupational group would 
potentially improve worker health and safety, along with saving the employer the costs associated with 
this permanent, work-related disability. 
Data collected at this site indicates that workers who wash dishes are consistently at risk for NIHL and 
thus should be included in a hearing conservation program.  For cooks, the results are mixed—this study 
attempted to determine what factors can be used to explain these variations in risk specific to 
restaurant features analyzed, but was largely unable to do so.  Servers are generally not over exposed to 
noise, but analysis of their dosimetry results and application of this model could assist in determining 
what factors and features, such as the presence of entertainment in the dining areas and the types of 
dishes or dish washing machines to select, should be considered when designing new facilities or 
refurbishing older ones with regard to noise exposure for employees. 
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Conclusions 
This work determined that some high-volume restaurant workers are exposed to noise levels above 
85dBA, and that these workers are mainly those employed as dishwashers.  In some cases, cooks may 
also be exposed at or above this level.  The differences in noise exposure for these workers appear to be 
attributable primarily to the lengths of their shifts.  Additional factors that influence exposure may be 
the cost of an average meal, the type of service offered, the relative busyness of the restaurant, the type 
of dishes used, and the specific brand of commercial dish machine present, since these factors (with the 
exception of type) did significantly explain some portion of the noise exposure experienced by servers 
who work alongside these cooks and dishwashers in the restaurants. 
Among cooks and dishwashers, the significance of minutes sampled warrants comment.  Since noise 
exposure is cumulative, a simple intervention that might reduce some of the potentially harmful 
exposures taking place busy restaurant environments might be administrative controls to limit shift 
length, in addition to the inclusion of these workers in a hearing conservation program, where they 
would be offered and encouraged to utilize hearing protection, along with the provision of annual 
audiograms to monitor hearing function.  However, limiting shift length might reduce the total dose of 
noise delivered to individual workers, but it may have undesirable economic impacts on the workers. 
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Appendix A—Data Entered 
 
 
Table A1: Data Entered 
Job Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
1 1 76.4 1 1 1 0 1 406 125.12 
1 1 78.8 1 1 1 0 1 411 125.12 
1 1 79.3 1 1 1 0 1 411 125.12 
1 1 77.5 1 1 1 0 1 380 125.12 
1 1 79.8 1 1 1 0 1 402 125.12 
1 1 75.8 1 1 1 0 1 422 125.12 
1 1 72.5 1 1 1 0 1 415 125.12 
1 1 73.3 1 1 1 0 1 412 125.12 
1 1 81.7 1 1 1 0 1 413 125.12 
1 1 74.1 1 1 1 0 1 395 125.12 
1 1 74.1 1 1 1 0 1 409 125.12 
1 1 72.8 1 1 1 0 1 412 125.12 
1 1 75.8 1 1 1 0 1 379 125.12 
1 2 82.7 0 1 0 0 2 626 152.55 
1 2 77.9 0 1 0 0 2 624 152.55 
1 2 83.3 0 1 0 0 2 620 152.55 
1 2 81.6 0 1 0 0 2 622 152.55 
1 2 80.1 0 1 0 0 2 627 152.55 
1 2 84 0 1 0 0 2 626 152.55 
1 2 83.5 0 1 0 0 2 529 152.55 
1 2 82.5 0 1 0 0 2 474 152.55 
1 2 82.3 0 1 0 0 2 471 152.55 
1 2 81.4 0 1 0 0 2 473 152.55 
1 2 82.8 0 1 0 0 2 470 152.55 
1 2 83.9 0 1 0 0 2 513 152.55 
1 2 81.3 0 1 0 0 2 460 152.55 
1 2 80.2 0 1 0 0 2 467 152.55 
1 2 83.2 0 1 0 0 2 461 152.55 
1 2 76.6 0 1 0 0 2 480 152.55 
1 2 81.9 0 1 0 0 2 532 152.55 
1 2 83.9 0 1 0 0 2 471 152.55 
1 2 83.5 0 1 0 0 2 619 152.55 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
1 2 81.9 0 1 0 0 2 528 152.55 
1 2 84.4 0 1 0 0 2 533 152.55 
1 3 76.3 1 0 1 1 1 399 177.44 
1 3 78.6 1 0 1 1 1 508 177.44 
1 3 78.8 1 0 1 1 1 407 177.44 
1 3 79.2 1 0 1 1 1 415 177.44 
1 3 79.7 1 0 1 1 1 402 177.44 
1 3 79.8 1 0 1 1 1 467 177.44 
1 3 80.1 1 0 1 1 1 509 177.44 
1 3 80.3 1 0 1 1 1 456 177.44 
1 3 81.9 1 0 1 1 1 453 177.44 
1 3 82.6 1 0 1 1 1 464 177.44 
1 3 82.8 1 0 1 1 1 473 177.44 
1 3 82.8 1 0 1 1 1 473 177.44 
1 3 83.5 1 0 1 1 1 489 177.44 
1 3 83.8 1 0 1 1 1 467 177.44 
1 3 85 1 0 1 1 1 463 177.44 
1 4 82.2 0 1 1 0 2 468 181.76 
1 4 80.9 0 1 1 0 2 471 181.76 
1 4 83.6 0 1 1 0 2 430 181.76 
1 4 81.9 0 1 1 0 2 511 181.76 
1 4 76.8 0 1 1 0 2 511 181.76 
1 4 82.6 0 1 1 0 2 509 181.76 
1 5 74.9 1 1 0 1 3 434 137.58 
1 5 81.7 1 1 0 1 3 549 137.58 
1 5 81.7 1 1 0 1 3 543 137.58 
1 5 80.4 1 1 0 1 3 545 137.58 
1 5 78.5 1 1 0 1 3 545 137.58 
1 5 83.6 1 1 0 1 3 555 137.58 
1 5 75.2 1 1 0 1 3 528 137.58 
1 5 76.7 1 1 0 1 3 548 137.58 
1 5 72.8 1 1 0 1 3 552 137.58 
1 5 79.2 1 1 0 1 3 553 137.58 
1 5 73.6 1 1 0 1 3 556 137.58 
1 6 75.9 1 1 1 1 2 505 84.59 
1 6 75.2 1 1 1 1 2 504 84.59 
1 6 75.9 1 1 1 1 2 425 84.59 
1 6 78.7 1 1 1 1 2 504 84.59 
1 6 78.3 1 1 1 1 2 488 84.59 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
1 6 76.3 1 1 1 1 2 509 84.59 
1 6 75.8 1 1 1 1 2 528 84.59 
1 6 78.5 1 1 1 1 2 535 84.59 
1 6 75.4 1 1 1 1 2 466 84.59 
1 6 76.9 1 1 1 1 2 537 84.59 
1 6 74.7 1 1 1 1 2 531 84.59 
1 7 82.5 0 1 0 0 3 575 109.99 
1 7 82.5 0 1 0 0 3 462 109.99 
1 7 76.1 0 1 0 0 3 544 109.99 
1 7 85.8 0 1 0 0 3 461 109.99 
1 7 81.2 0 1 0 0 3 521 109.99 
1 7 87.6 0 1 0 0 3 510 109.99 
1 7 85.5 0 1 0 0 3 462 109.99 
1 7 80.1 0 1 0 0 3 458 109.99 
1 7 80 0 1 0 0 3 468 109.99 
1 7 82.5 0 1 0 0 3 547 109.99 
1 7 79.3 0 1 0 0 3 376 109.99 
1 7 80 0 1 0 0 3 524 109.99 
1 7 82.6 0 1 0 0 3 494 109.99 
1 7 78.9 0 1 0 0 3 588 109.99 
1 7 83.3 0 1 0 0 3 593 109.99 
1 7 89.1 0 1 0 0 3 570 109.99 
1 8 83.6 0 1 0 1 2 513 212.5 
1 8 85.4 0 1 0 1 2 505 212.5 
1 8 84.9 0 1 0 1 2 505 212.5 
1 8 86 0 1 0 1 2 454 212.5 
1 8 87.4 0 1 0 1 2 456 212.5 
1 8 82 0 1 0 1 2 506 212.5 
1 8 84.5 0 1 0 1 2 516 212.5 
1 8 86.6 0 1 0 1 2 507 212.5 
1 8 84 0 1 0 1 2 595 212.5 
1 8 84.7 0 1 0 1 2 487 212.5 
1 8 85.9 0 1 0 1 2 525 212.5 
1 9 79.4 1 0 1 1 1 640 184.28 
1 9 73.6 1 0 1 1 1 401 184.28 
1 9 71.2 1 0 1 1 1 429 184.28 
1 9 75.8 1 0 1 1 1 450 184.28 
1 9 80.9 1 0 1 1 1 536 184.28 
1 9 78.9 1 0 1 1 1 566 184.28 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
1 9 74.2 1 0 1 1 1 650 184.28 
1 9 77.1 1 0 1 1 1 657 184.28 
1 9 76.2 1 0 1 1 1 636 184.28 
1 9 79.8 1 0 1 1 1 573 184.28 
1 9 79 1 0 1 1 1 398 184.28 
1 9 83.4 1 0 1 1 1 493 184.28 
1 9 74.6 1 0 1 1 1 520 184.28 
1 9 80.9 1 0 1 1 1 549 184.28 
1 9 81.9 1 0 1 1 1 581 184.28 
2 1 82 1 1 1 0 1 367 125.12 
2 1 74.6 1 1 1 0 1 393 125.12 
2 1 75.4 1 1 1 0 1 392 125.12 
2 1 77.9 1 1 1 0 1 345 125.12 
2 1 77.1 1 1 1 0 1 367 125.12 
2 1 83.1 1 1 1 0 1 375 125.12 
2 1 78.2 1 1 1 0 1 404 125.12 
2 1 79.2 1 1 1 0 1 384 125.12 
2 1 80 1 1 1 0 1 367 125.12 
2 1 77.3 1 1 1 0 1 370 125.12 
2 1 75 1 1 1 0 1 392 125.12 
2 1 75.8 1 1 1 0 1 390 125.12 
2 1 78.4 1 1 1 0 1 380 125.12 
2 1 75.8 1 1 1 0 1 391 125.12 
2 1 77.8 1 1 1 0 1 384 125.12 
2 1 77.3 1 1 1 0 1 391 125.12 
2 1 78.5 1 1 1 0 1 399 125.12 
2 1 80.9 1 1 1 0 1 316 125.12 
2 1 75.2 1 1 1 0 1 349 125.12 
2 2 79 0 1 0 0 2 289 152.55 
2 2 81 0 1 0 0 2 529 152.55 
2 2 78.2 0 1 0 0 2 591 152.55 
2 2 80.3 0 1 0 0 2 460 152.55 
2 2 84.2 0 1 0 0 2 613 152.55 
2 2 80.3 0 1 0 0 2 652 152.55 
2 2 82.7 0 1 0 0 2 607 152.55 
2 2 87.7 0 1 0 0 2 642 152.55 
2 2 85 0 1 0 0 2 514 152.55 
2 2 86.1 0 1 0 0 2 617 152.55 
2 2 81.3 0 1 0 0 2 268 152.55 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
2 2 82.1 0 1 0 0 2 389 152.55 
2 2 76 0 1 0 0 2 414 152.55 
2 2 80 0 1 0 0 2 478 152.55 
2 2 79.8 0 1 0 0 2 644 152.55 
2 3 78.7 1 0 1 1 1 308 177.44 
2 3 80.5 1 0 1 1 1 443 177.44 
2 3 80.5 1 0 1 1 1 437 177.44 
2 3 80.8 1 0 1 1 1 561 177.44 
2 3 80.9 1 0 1 1 1 238 177.44 
2 3 80.9 1 0 1 1 1 519 177.44 
2 3 81.7 1 0 1 1 1 447 177.44 
2 3 82.1 1 0 1 1 1 521 177.44 
2 3 83.4 1 0 1 1 1 439 177.44 
2 3 84.4 1 0 1 1 1 436 177.44 
2 4 78.2 0 1 1 0 2 390 181.76 
2 4 81.9 0 1 1 0 2 436 181.76 
2 4 79.2 0 1 1 0 2 587 181.76 
2 4 78.2 0 1 1 0 2 446 181.76 
2 5 77.8 1 1 0 1 3 512 137.58 
2 5 79.1 1 1 0 1 3 414 137.58 
2 5 80 1 1 0 1 3 422 137.58 
2 5 76.2 1 1 0 1 3 455 137.58 
2 5 78.7 1 1 0 1 3 471 137.58 
2 5 80.4 1 1 0 1 3 484 137.58 
2 5 77.6 1 1 0 1 3 512 137.58 
2 5 79.4 1 1 0 1 3 447 137.58 
2 5 83.5 1 1 0 1 3 431 137.58 
2 5 78.5 1 1 0 1 3 395 137.58 
2 5 79.8 1 1 0 1 3 412 137.58 
2 5 75.5 1 1 0 1 3 496 137.58 
2 5 78.8 1 1 0 1 3 423 137.58 
2 5 74.5 1 1 0 1 3 413 137.58 
2 5 78.5 1 1 0 1 3 421 137.58 
2 6 71.8 1 1 1 1 2 258 84.59 
2 6 71.4 1 1 1 1 2 328 84.59 
2 6 75.6 1 1 1 1 2 294 84.59 
2 6 72 1 1 1 1 2 329 84.59 
2 6 73 1 1 1 1 2 280 84.59 
2 6 71.4 1 1 1 1 2 322 84.59 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
2 6 72.5 1 1 1 1 2 347 84.59 
2 6 70.5 1 1 1 1 2 334 84.59 
2 6 71.6 1 1 1 1 2 293 84.59 
2 6 71.9 1 1 1 1 2 318 84.59 
2 6 71.6 1 1 1 1 2 335 84.59 
2 6 73.4 1 1 1 1 2 332 84.59 
2 6 72.5 1 1 1 1 2 322 84.59 
2 6 70.1 1 1 1 1 2 337 84.59 
2 6 71.7 1 1 1 1 2 315 84.59 
2 7 75.7 0 1 0 0 3 255 109.99 
2 7 73.9 0 1 0 0 3 299 109.99 
2 7 81.5 0 1 0 0 3 498 109.99 
2 7 79.2 0 1 0 0 3 453 109.99 
2 7 77 0 1 0 0 3 439 109.99 
2 7 74.1 0 1 0 0 3 408 109.99 
2 7 80.6 0 1 0 0 3 345 109.99 
2 7 75.8 0 1 0 0 3 570 109.99 
2 7 74.4 0 1 0 0 3 248 109.99 
2 7 71 0 1 0 0 3 166 109.99 
2 7 72.1 0 1 0 0 3 242 109.99 
2 7 73.8 0 1 0 0 3 276 109.99 
2 7 74.8 0 1 0 0 3 237 109.99 
2 7 72.9 0 1 0 0 3 265 109.99 
2 8 80.1 0 1 0 1 2 331 212.5 
2 8 82.7 0 1 0 1 2 322 212.5 
2 8 71.6 0 1 0 1 2 361 212.5 
2 8 85.2 0 1 0 1 2 766 212.5 
2 8 78.4 0 1 0 1 2 394 212.5 
2 8 81.9 0 1 0 1 2 362 212.5 
2 8 85.2 0 1 0 1 2 641 212.5 
2 8 79 0 1 0 1 2 677 212.5 
2 8 85.2 0 1 0 1 2 687 212.5 
2 8 82.5 0 1 0 1 2 684 212.5 
2 9 75.7 1 0 1 1 1 416 184.28 
2 9 84.1 1 0 1 1 1 411 184.28 
2 9 78.7 1 0 1 1 1 395 184.28 
2 9 80.9 1 0 1 1 1 390 184.28 
2 9 82.4 1 0 1 1 1 403 184.28 
2 9 78.5 1 0 1 1 1 418 184.28 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
2 9 76.2 1 0 1 1 1 372 184.28 
2 9 83.4 1 0 1 1 1 426 184.28 
2 9 76.1 1 0 1 1 1 412 184.28 
2 9 82.7 1 0 1 1 1 381 184.28 
2 9 77.3 1 0 1 1 1 425 184.28 
2 9 81.6 1 0 1 1 1 419 184.28 
2 9 82.7 1 0 1 1 1 380 184.28 
2 9 78.9 1 0 1 1 1 372 184.28 
2 9 80.2 1 0 1 1 1 377 184.28 
2 9 83.8 1 0 1 1 1 408 184.28 
2 9 83.7 1 0 1 1 1 423 184.28 
3 1 82.9 1 1 1 0 1 421 125.12 
3 1 82.5 1 1 1 0 1 382 125.12 
3 1 86.1 1 1 1 0 1 363 125.12 
3 1 86 1 1 1 0 1 380 125.12 
3 1 84.6 1 1 1 0 1 481 125.12 
3 1 86 1 1 1 0 1 480 125.12 
3 1 89.2 1 1 1 0 1 480 125.12 
3 1 94.5 1 1 1 0 1 481 125.12 
3 1 90.3 1 1 1 0 1 481 125.12 
3 1 88.5 1 1 1 0 1 481 125.12 
3 1 86.2 1 1 1 0 1 481 125.12 
3 1 85.3 1 1 1 0 1 481 125.12 
3 1 91.1 1 1 1 0 1 480 125.12 
3 1 90.6 1 1 1 0 1 483 125.12 
3 1 89 1 1 1 0 1 485 125.12 
3 2 84.5 0 1 0 0 2 690 152.55 
3 2 81.9 0 1 0 0 2 663 152.55 
3 2 88.2 0 1 0 0 2 663 152.55 
3 2 91.6 0 1 0 0 2 692 152.55 
3 2 87.8 0 1 0 0 2 663 152.55 
3 2 87.9 0 1 0 0 2 666 152.55 
3 2 82.4 0 1 0 0 2 629 152.55 
3 2 79.7 0 1 0 0 2 572 152.55 
3 2 90.8 0 1 0 0 2 695 152.55 
3 2 88.8 0 1 0 0 2 691 152.55 
3 2 87.8 0 1 0 0 2 456 152.55 
3 2 84.2 0 1 0 0 2 357 152.55 
3 2 88.7 0 1 0 0 2 403 152.55 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
3 3 80.2 1 0 1 1 1 454 177.44 
3 3 81.4 1 0 1 1 1 524 177.44 
3 3 83.3 1 0 1 1 1 519 177.44 
3 3 84 1 0 1 1 1 365 177.44 
3 3 85.6 1 0 1 1 1 494 177.44 
3 3 86.1 1 0 1 1 1 453 177.44 
3 3 86.7 1 0 1 1 1 486 177.44 
3 3 87.4 1 0 1 1 1 507 177.44 
3 3 87.4 1 0 1 1 1 480 177.44 
3 3 87.5 1 0 1 1 1 492 177.44 
3 3 88.5 1 0 1 1 1 478 177.44 
3 3 88.7 1 0 1 1 1 484 177.44 
3 3 88.8 1 0 1 1 1 511 177.44 
3 3 88.8 1 0 1 1 1 512 177.44 
3 3 89.2 1 0 1 1 1 480 177.44 
3 3 89.4 1 0 1 1 1 575 177.44 
3 3 89.5 1 0 1 1 1 525 177.44 
3 3 89.9 1 0 1 1 1 446 177.44 
3 3 90.7 1 0 1 1 1 513 177.44 
3 3 90.9 1 0 1 1 1 504 177.44 
3 3 91.2 1 0 1 1 1 610 177.44 
3 4 87.8 0 1 1 0 2 477 181.76 
3 4 92.9 0 1 1 0 2 475 181.76 
3 4 85.7 0 1 1 0 2 477 181.76 
3 4 85.9 0 1 1 0 2 477 181.76 
3 4 90.1 0 1 1 0 2 490 181.76 
3 4 91.3 0 1 1 0 2 474 181.76 
3 5 89.8 1 1 0 1 3 508 137.58 
3 5 90.7 1 1 0 1 3 543 137.58 
3 5 90.2 1 1 0 1 3 481 137.58 
3 6 89.2 1 1 1 1 2 500 84.59 
3 6 87.1 1 1 1 1 2 495 84.59 
3 6 86.7 1 1 1 1 2 512 84.59 
3 6 85 1 1 1 1 2 479 84.59 
3 6 86.6 1 1 1 1 2 511 84.59 
3 6 88 1 1 1 1 2 499 84.59 
3 6 86.5 1 1 1 1 2 506 84.59 
3 6 86.9 1 1 1 1 2 512 84.59 
3 7 87.8 0 1 0 0 3 552 109.99 
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Table A1: Data Entered (Continued) 
Job  Location DBA Cost Dishes Machine Entertainment Type Minutes Turns 
3 7 86.3 0 1 0 0 3 691 109.99 
3 7 86.2 0 1 0 0 3 265 109.99 
3 7 89.5 0 1 0 0 3 625 109.99 
3 7 87.5 0 1 0 0 3 632 109.99 
3 7 88.6 0 1 0 0 3 632 109.99 
3 7 90.5 0 1 0 0 3 630 109.99 
3 8 84.1 0 1 0 1 2 475 212.5 
3 8 89.7 0 1 0 1 2 711 212.5 
3 8 82.9 0 1 0 1 2 291 212.5 
3 8 90.1 0 1 0 1 2 712 212.5 
3 8 88.6 0 1 0 1 2 712 212.5 
3 8 89.1 0 1 0 1 2 711 212.5 
3 8 86.2 0 1 0 1 2 716 212.5 
3 8 85.1 0 1 0 1 2 308 212.5 
3 8 90 0 1 0 1 2 719 212.5 
3 8 88.9 0 1 0 1 2 710 212.5 
3 8 90.1 0 1 0 1 2 727 212.5 
3 9 88.1 1 0 1 1 1 732 184.28 
3 9 88.4 1 0 1 1 1 742 184.28 
3 9 81.8 1 0 1 1 1 656 184.28 
3 9 88.5 1 0 1 1 1 732 184.28 
3 9 88.2 1 0 1 1 1 696 184.28 
3 9 86.2 1 0 1 1 1 634 184.28 
3 9 87.3 1 0 1 1 1 496 184.28 
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Appendix B—SAS Outputs—the Mixed Procedure 
Unconditional Models 
Cooks 
Table B1:  Unconditional Model Information Cooks  
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B2:  Class Level Information Cooks 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 1 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
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Table B3:  Dimensions Cooks 
Covariance Parameters 2 
Columns in X 1 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 21 
 
Table B4:  Number of Observations Cooks 
Number of Observations Read 124 
Number of Observations Used 124 
Number of Observations Not Used 0 
 
Table B5:  Iteration History Cooks 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 685.67769015  
1 2 625.60597659 0.00000771 
2 1 625.60439793 0.00000001 
3 1 625.60439565 0.00000000 
 
Table B6:  Covariance Parameter Estimates Cooks 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 8.3023 4.4463 1.87 0.0309 
Residual  7.6270 1.0057 7.58 <.0001 
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Table B7:  Fit Statistics Cooks 
-2 Res Log Likelihood 625.6 
AIC (Smaller is Better) 629.6 
AICC (Smaller is Better) 629.7 
BIC (Smaller is Better) 630.0 
 
Table B8:  Solution for Fixed Effects Cooks 
Effect Estimate 
Standard 
Error 
DF t Value Pr > |t| Alpha Lower Upper 
Intercept 79.8994 0.9947 8 80.32 <.0001 0.05 77.6055 82.1933 
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Servers 
Table B9: Unconditional Model Information Servers 
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B10:  Class Level Information Servers 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 2 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
 
Table B11:  Dimensions Servers 
Covariance Parameters 2 
Columns in X 1 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 19 
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Table B12:  Number of Observations Servers 
Number of Observations Read 119 
Number of Observations Used 119 
Number of Observations Not Used 0 
 
Table B13:  Iteration History Servers 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 667.53933224  
1 2 593.98809746 0.00000026 
2 1 593.98804851 0.00000000 
 
Table B14:  Covariance Parameter Estimates Servers 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 9.6063 5.0674 1.90 0.0290 
Residual  7.1100 0.9579 7.42 <.0001 
 
Table B15:  Fit Statistics Servers 
-2 Res Log Likelihood 594.0 
AIC (Smaller is Better) 598.0 
AICC (Smaller is Better) 598.1 
BIC (Smaller is Better) 598.4 
 
Table B16:  Solution for Fixed Effects Servers 
Effect Estimate 
Standard 
Error 
DF t Value Pr > |t| Alpha Lower Upper 
Intercept 78.6346 1.0671 8 73.69 <.0001 0.05 76.1738 81.0954 
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Dishwashers 
Table B17:  Unconditional Model Information Dishwashers 
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B18:  Class Level Information Dishwashers 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 3 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
 
Table B19:  Dimensions Dishwashers 
Covariance Parameters 2 
Columns in X 1 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 21 
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Table B20:  Number of Observations Dishwashers 
Number of Observations Read 91 
Number of Observations Used 91 
Number of Observations Not Used 0 
 
Table B21:  Iteration History Dishwashers 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 447.48232242  
1 1 447.48232242 0.00000000 
 
Table B22:  Covariance Parameter Estimates Dishwashers 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 0 . . . 
Residual  8.0368 1.1981 6.71 <.0001 
 
Table B23:  Fit Statistics Dishwashers 
-2 Res Log Likelihood 447.5 
AIC (Smaller is Better) 449.5 
AICC (Smaller is Better) 449.5 
BIC (Smaller is Better) 449.7 
 
Table B24:  Solution for Fixed Effects Dishwashers 
Effect Estimate 
Standard 
Error 
DF t Value Pr > |t| Alpha Lower Upper 
Intercept 87.4989 0.2972 8 294.43 <.0001 0.05 86.8136 88.1842 
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Better, Best Fit, and Alternative Models 
Cooks 
Table B25:  Better-Fit Model Information Cooks 
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B26:  Class Level Information Cooks 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 1 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
 
Table B27:  Dimensions Cooks 
Covariance Parameters 2 
Columns in X 14 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 21 
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Table B28:  Number of Observations Cooks 
Number of Observations Read 124 
Number of Observations Used 124 
Number of Observations Not Used 0 
 
Table B29:  Iteration History Cooks 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 613.97657271  
1 1 603.49897959 0.00000000 
 
Table B30:  Covariance Parameter Estimates Cooks 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 6.4900 9.8354 0.66 0.2547 
Residual  7.4111 0.9816 7.55 <.0001 
 
Table B31:  Fit Statistics Cooks 
-2 Res Log Likelihood 603.5 
AIC (Smaller is Better) 607.5 
AICC (Smaller is Better) 607.6 
BIC (Smaller is Better) 607.9 
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Table B32:  Solution for Fixed Effects Cooks 
Effect cost ent dish mach type Est. SE DF t  
Pr > 
|t| 
α Lower Upper 
Int.      73.774 6.042 1 12.21 0.052 0.05 -2.999 
150.55
0 
cost 0     8.141 6.107 114 1.33 0.185 0.05 -3.957 20.238 
cost 1     0 . . . . . . . 
ent  0    -3.603 4.537 114 -0.79 0.429 0.05 -12.590 5.3844 
ent  1    0 . . . . . . . 
min      0.007 0.004 114 2.05 0.042 0.05 0.0003 0.014 
turns      -0.006 0.043 114 -0.13 0.898 0.05 -0.091 0.080 
dishes   0   -0.836 4.969 114 -0.17 0.867 0.05 -10.678 9.007 
dishes   1   0 . . . . . . . 
mach    0  1.039 3.538 114 0.29 0.770 0.05 -5.970 8.048 
mach    1  0 . . . . . . . 
type     1 3.902 5.817 114 0.67 0.504 0.05 -7.621 15.424 
type     2 -0.316 3.524 114 -0.09 0.929 0.05 -7.298 6.665 
type     3 0 . . . . . . . 
 
Table B33:  Type 3 Tests of Fixed Effects Cooks 
Effect Num DF Den DF F Value Pr > F 
cost 1 114 1.78 0.1852 
entertainment 1 114 0.63 0.4288 
minutes 1 114 4.21 0.0424 
turns 1 114 0.02 0.8975 
dishes 1 114 0.03 0.8667 
machine 1 114 0.09 0.7695 
type 2 114 0.26 0.7692 
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Cooks—Minutes and Cost Only 
Table B34:  Best-Fit Model Information Cooks 
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B35:  Class Level Information Cooks 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 1 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
 
Table B36:  Dimensions Cooks 
Covariance Parameters 2 
Columns in X 4 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 21 
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Table B37:  Number of Observations Cooks 
Number of Observations Read 124 
Number of Observations Used 124 
Number of Observations Not Used 0 
 
Table B38:  Iteration History Cooks 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 639.07803877  
1 2 620.14622284 0.00000059 
2 1 620.14610463 0.00000000 
 
Table B39:  Covariance Parameter Estimates Cooks 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 2.9687 1.9082 1.56 0.0599 
Residual  7.4104 0.9814 7.55 <.0001 
 
Table B40:  Fit Statistics Cooks 
-2 Res Log Likelihood 620.1 
AIC (Smaller is Better) 624.1 
AICC (Smaller is Better) 624.2 
BIC (Smaller is Better) 624.5 
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Table B41:  Solution for Fixed Effects Cooks 
Effect cost Est. SE DF t Value Pr > |t| Alpha Lower Upper 
Int.  74.441 1.845 7 40.35 <.0001 0.05 70.078 78.803 
cost 0 4.435 1.266 114 3.50 0.001 0.05 1.927 6.943 
cost 1 0 . . . . . . . 
minutes  0.007 0.003 114 2.10 0.038 0.05 0.0004 0.014 
 
Table B42:  Type 3 Tests of Fixed Effects Cooks 
Effect Num DF Den DF F Value Pr > F 
cost 1 114 12.27 0.0007 
minutes 1 114 4.43 0.0376 
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Servers 
Table B43:  Best-Fit Model Information Servers 
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B44:  Class Level Information Servers 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 2 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
 
Table B45:  Dimensions Servers 
Covariance Parameters 2 
Columns in X 14 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 19 
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Table B46:  Number of Observations Servers 
Number of Observations Read 119 
Number of Observations Used 119 
Number of Observations Not Used 0 
 
Table B47:  Iteration History Servers 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 559.63123497  
1 1 559.62689012 0.00000000 
 
Table B48:  Covariance Parameter Estimates Servers 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 0.04965 0.8000 0.06 0.4753 
Residual  6.3503 0.8602 7.38 <.0001 
 
Table B49:  Fit Statistics Servers 
-2 Res Log Likelihood 559.6 
AIC (Smaller is Better) 563.6 
AICC (Smaller is Better) 563.7 
BIC (Smaller is Better) 564.0 
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Table B50:  Solution for Fixed Effects Servers 
Effect cost ent dish mach type Est. SE DF t  Pr > |t| α Lower Upper 
Int      62.043 1.571 1 39.49 0.016 0.05 42.079 82.007 
cost 0     -4.263 1.744 109 -2.44 0.016 0.05 -7.719 -0.807 
cost 1     0 . . . . . . . 
ent  0    4.077 1.399 109 2.91 0.004 0.05 1.304 6.850 
ent  1    0 . . . . . . . 
min      0.011 0.003 109 3.93 0.0002 0.05 0.005 0.016 
turns      0.060 0.015 109 3.97 0.0001 0.05 0.030 0.090 
dishes   0   3.209 1.347 109 2.38 0.019 0.05 0.539 5.879 
dishes   1   0 . . . . . . . 
mach    0  3.516 1.266 109 2.78 0.006 0.05 1.007 6.024 
mach    1  0 . . . . . . . 
type     1 0.272 1.965 109 0.14 0.890 0.05 -3.623 4.166 
type     2 1.635 1.025 109 1.59 0.114 0.05 -0.397 3.667 
type     3 0 . . . . . . . 
 
Table B51:  Type 3 Tests of Fixed Effects Servers 
Effect Num DF Den DF F Value Pr > F 
cost 1 109 5.98 0.0161 
entertainment 1 109 8.49 0.0043 
minutes 1 109 15.42 0.0002 
turns 1 109 15.78 0.0001 
dishes 1 109 5.67 0.0189 
machine 1 109 7.72 0.0064 
type 2 109 1.40 0.2509 
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Dishwashers 
Table B52:  Best-Fit Model Information Dishwashers 
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B53:  Class Level Information Dishwashers 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 3 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
 
Table B54:  Dimensions Dishwashers 
Covariance Parameters 2 
Columns in X 14 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 21 
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Table B55: Number of Observations Dishwashers 
Number of Observations Read 91 
Number of Observations Used 91 
Number of Observations Not Used 0 
 
Table B56:  Iteration History Dishwashers 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 438.10476396  
1 1 436.27905267 0.00000000 
 
Table B57:  Covariance Parameter Estimates Dishwashers 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 2.8256 5.1844 0.55 0.2929 
Residual  7.1087 1.1170 6.36 <.0001 
 
Table B58:  Fit Statistics Dishwashers 
-2 Res Log Likelihood 436.3 
AIC (Smaller is Better) 440.3 
AICC (Smaller is Better) 440.4 
BIC (Smaller is Better) 440.7 
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Table B59:  Solution for Fixed Effects Dishwashers 
Effect cost ent dish mach type Est. SE DF t  Pr > |t| α Lower Upper 
Int      82.067 4.482 1 18.31 0.035 0.05 25.116 139.02 
cost 0     -2.840 4.657 81 -0.61 0.544 0.05 -12.106 6.425 
cost 1     0 . . . . . . . 
ent  0    1.201 3.272 81 0.37 0.714 0.05 -5.309 7.712 
ent  1    0 . . . . . . . 
min      0.011 0.003 81 3.46 0.001 0.05 0.005 0.017 
turns      0.038 0.033 81 1.16 0.250 0.05 -0.027 0.103 
dishes   0   -2.502 3.464 81 -0.72 0.472 0.05 -9.394 4.390 
dishes   1   0 . . . . . . . 
mach    0  -2.611 2.555 81 -1.02 0.310 0.05 -7.693 2.473 
mach    1  0 . . . . . . . 
type     1 -5.364 4.363 81 -1.23 0.223 0.05 -14.046 3.318 
type     2 -3.560 2.563 81 -1.39 0.169 0.05 -8.661 1.540 
type     3 0 . . . . . . . 
 
Table B60:  Type 3 Tests of Fixed Effects Dishwashers 
Effect Num DF Den DF F Value Pr > F 
cost 1 81 0.37 0.5436 
entertainment 1 81 0.13 0.7144 
minutes 1 81 11.99 0.0009 
turns 1 81 1.34 0.2504 
dishes 1 81 0.52 0.4722 
machine 1 81 1.04 0.3099 
type 2 81 1.32 0.2731 
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Dishwashers: Alternative Model—Minutes, Turns, Type, Dishes, Machine 
Table B61:  Alternative Model Information Dishwashers 
Data Set WORK.ONE 
Dependent Variable dBA 
Covariance Structure Variance Components 
Subject Effect location 
Estimation Method REML 
Residual Variance Method Profile 
Fixed Effects SE Method Model-Based 
Degrees of Freedom Method Containment 
 
Table B62:  Class Level Information Dishwashers 
Class Levels Values 
location 9 1 2 3 4 5 6 7 8 9 
group 1 3 
cost 2 0 1 
entertainment 2 0 1 
dishes 2 0 1 
machine 2 0 1 
type 3 1 2 3 
 
Table B63:  Dimensions Dishwashers 
Covariance Parameters 2 
Columns in X 10 
Columns in Z per Subject 1 
Subjects 9 
Max Obs per Subject 21 
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Table B64:  Number of Observations Dishwashers 
Number of Observations Read 91 
Number of Observations Used 91 
Number of Observations Not Used 0 
 
Table B65:  Iteration History Dishwashers 
Iteration Evaluations -2 Res Log Like Criterion 
0 1 444.27577637  
1 2 443.77291813 0.00000180 
2 1 443.77265280 0.00000000 
 
Table B66:  Covariance Parameter Estimates Dishwashers 
Cov Parm Subject Estimate 
Standard 
Error 
Z Value Pr > Z 
Intercept location 0.7279 1.4631 0.50 0.3094 
Residual  7.1231 1.1209 6.35 <.0001 
 
Table B67:  Fit Statistics Dishwashers 
-2 Res Log Likelihood 443.8 
AIC (Smaller is Better) 447.8 
AICC (Smaller is Better) 447.9 
BIC (Smaller is Better) 448.2 
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Table B68:  Solution for Fixed Effects Dishwashers 
Effect dish mach type Est. SE DF t Value Pr > |t| α Lower Upper 
Int.    83.960 2.335 3 35.96 <.0001 0.05 76.530 91.390 
min    0.010 0.003 81 3.22 0.002 0.05 0.004 0.016 
mach  0  -3.149 1.524 81 -2.07 0.042 0.05 -6.182 -0.116 
mach  1  0 . . . . . . . 
turns    0.023 0.015 81 1.47 0.146 0.05 -0.008 0.053 
type   1 -3.663 2.157 81 -1.70 0.093 0.05 -7.954 0.629 
type   2 -3.717 1.647 81 -2.26 0.027 0.05 -6.994 -0.440 
type   3 0 . . . . . . . 
dish 0   -2.567 1.640 81 -1.57 0.122 0.05 -5.829 0.697 
dish 1   0 . . . . . . . 
 
Table B69:  Type 3 Tests of Fixed Effects Dishwashers 
Effect Num DF Den DF F Value Pr > F 
minutes 1 81 10.39 0.0018 
machine 1 81 4.27 0.0421 
turns 1 81 2.15 0.1462 
type 2 81 2.55 0.0846 
dishes 1 81 2.45 0.1215 
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Appendix C—Detailed Statistical Results 
Detailed results of various statistical procedures described in the body of the work can be found here. 
Table C1: Fixed Effects of Group Designation on dBA Exposure 
Group Intercept Standard Error p Value Lower Upper 
Cooks -7.35 0.45 <0.0001 -8.24 -6.46 
Servers -8.62 0.46 <0.0001 -9.53 -7.72 
Dishwashers 87.30 0.92 <0.0001 85.65 88.96 
 
Table C2: Fixed Effects of Group Designation on Number of Minutes Worked 
Group Estimate Standard Error p Value Lower Upper 
Cooks -57.36 12.71 <0.0001 -82.36 -32.36 
Servers -127.99 12.93 0.0001 -153.43 -104.54 
Dishwashers 542.80 17.86 <0.0001 501.62 583.98 
 
Table C3 below presents the intercept, residuals, and p-values for each group for both the unconditional 
model, where no co-variance factors are considered, and the conditional model, with all factors 
included.  The lack of statistical significance of the residual variance components in the conditional 
suggest that there is no remaining individual variance left to explain in this data set.   
Table C3: Comparison of Models to Explain dBA Exposure 
 
Unconditional Model All Factors Conditional Model 
Group Intercept P Value Residual P Value Intercept P Value Residual P Value 
Cooks 8.30 0.03 7.63 <0.0001 6.49 0.25 7.41 <0.0001 
Servers 9.61 0.03 7.11 <0.0001 0.05 0.48 6.35 <0.0001 
Dishwashers 0 * 8.04 <0.0001 2.83 0.29 7.11 <0.0001 
 
𝐼𝐶𝐶 =
𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒
(𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 + 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒)
 
𝐿𝑒𝑣𝑒𝑙 1 𝑃𝑠𝑒𝑢𝑑𝑜 𝑅2 =
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑢𝑛𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 − 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑚𝑜𝑑𝑒𝑙
𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑢𝑛𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙
 
𝐿𝑒𝑣𝑒𝑙 2 𝑃𝑠𝑒𝑢𝑑𝑜 𝑅2 =
𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑢𝑛𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 − 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑚𝑜𝑑𝑒𝑙
𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑢𝑛𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙
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Table C4 below shows basic statistical measures referenced in the Discussion section. 
Table C4:  Basic Statistical Measures of dBA Exposure by Group 
Exposure Group N Mean  
Standard 
Deviation Variance Skewness Kurtosis 
Cooks 124 80.0 3.85 14.84 -0.18 -0.72 
Servers  119 78.4 4.01 16.1 -0.17 -0.67 
Dishwashers 91 87.5 2.8 8.04 -0.55 0.28 
 
